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(54) Rollover stability control for an automotive vehicle 



(57) A stability control system 24 for an automotive 
vehicle is disclosed that includes a rollover sensor that 
may include one or more sensor to a various dynamic 
conditions of the vehicle and a controller to control a 
steering force to reduce a tyre moment so the net mo- 
ment of the vehicle is counter to the roil direction. 

The sensors may include a speed sensor 30, a lat- 
eral acceleration sensor 32, a roll rate sensor 34, a yaw 
rate sensor 20 and a longitudinal acceleration, sensor 



36. The controller 26 is coupled to the.speed sensor 30, 
the lateral acceleration sensor 32, the roll rate sensor 
34, front steering angle sensor 35, pitch rate 38, rear 
steering position sensor 40. and a longitudinal acceler^ 
ation sensor 36. The controller 26 determines a roll an- 
gle estimate In response at least one or more of the sig- 
nals. The controller 26 changes a tyre force vector using 
by changing the direction and/or force of the rear steer- 
ing actuator and brakes in response to the likelihood of 
rollover. 
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Description 

[0001 ] The present Invention relates generally to a dy- 
namic behavior control apparatus for an automotive ve- 
hide and more specifically, to a method and apparatus 5 
for controlling the roll characteristics of a vehicle by con- 
trolling the rear steering direction and brakes of the ve- 
hicle. 

[0002] Dynamic control systems for automotive vehi- 
cles have recently begun to be offered on various prod- io 
ucts. Dynamic control systems typically control the yaw 
of the vehicle by controlling the braking effort at the var- 
ious wheels of the vehicle. Yaw control systems typically 
compare the desired direction of the vehicle based upon 
the steering wheel angle and the direction of travel. By is 
regulating the amount of braking at each comer of the 
vehicle, the desired direction of travel may be main- 
tained, 

[0003] Typically, these dynamic control systems do 
not address roll of the vehicle. For high profile vehicles 20 
in particular, it would be desirable to control the roll over 
characteristic of the vehicle to maintain the vehicle po- 
sition with respect to the road. That is, it is desirable to 
maintain contact of each of the fourtyres of the vehicle 
on the road. 25 
[0004] Vehicle rollover and tilt control (or body roll) are 
distinguishable dynannic characteristics. Tilt control 
maintains the vehicle body on a plane or nearly on a 
plane parallel to the road surface. Roll over control Is 
maintaining the vehicle wheels on the road surface. 30 
[0005] One system pf tilt control Is described in U.S. 
Patent 5.869.943. US Patent 5,869,943 describes the 
combination of yaw control and tilt control to maintain 
the vehicle body horizontal while turning. The system Is 
used in conjunction with the front outside wheels only. 35 
To control tilt, a brake force is applied to the front outside 
wheels of a tum. 

[0006] One known yaw control system described in 
U.S. Patent 5,634,698 uses rear wheel steering to help 
achieve yaw stability using brake control. However, this 40 
system does not provide or teach the use of such a con- 
trol for preventing rollover of the vehicle. 
[0007] Another known system for preventing rollover 
Is found in U.S. patent 6,065,558, which applies brakes, 
to the outside front wheels to prevent rollover. In certain 
maneuvers, however, application of front brakes alone 
may riot be desirable due to the particular handling char- 
acteristics of the vehicle. 

[0008] It is an object of this invention to provide a roll 
stability system that can detect a potential rollover con- 50 
dition and temporarily apply a steering vector In re- 
sponse to the relative roll angle estimate. 
[0009] According to a first aspect of the invention 
there is provided a roll stability control system for an au- 
tomotive vehicle having a front steering system and a 55 
rear steering system comprising a rear wheel steering 
actuator, a rear wheel position sensor generating a rear 
wheel position signal, a brake actuator, a rollover sensor 



for producing a rolloversignal in response to an impend- 
ing rollover of the vehicle and a controller coupled to 
said rear wheel position sensor, said rollover sensor, 
said rear wheel steering actuator, and said brake actu- 
ator, said controller generating a rear wheel actuator sig- 
nal and brake actuator signal in response to said rollover 
signal, said rear wheel actuator signal controlling said 
rear wheel steering actuator and the brake actuator to 
prevent the vehicle from rolling over. 
[0010] The rollover sensor may comprise the combi- 
nation of a speed sensor, a lateral acceleration sensor, 
a roll rate sensor, and a yaw rate sensor. 
[0011] The stability control system may further com- 
prise a sensor selected from the group of a steering an- 
gle sensor, a longitudinal acceleration sensor and a 
pitch rate sensor. 

[0012] The controller may change a tyre force vector 
by changing a direction and rear steering force of said 
rear actuator in combination with a change in brake 
force. 

[0013] The rear wheel actuator may comprise a right 
wheel actuator and a left wheel actuator. 
[001 4] The controller may change a tyre force vector 
by changing a relative direction between a right rear ac- 
tuator and a left rear actuator. 

[0015] The controller may be operable in accordance 
with a rollover control law in combination vvith a rolling 
moment distribution calculator. 

[0016] According to a second aspect of the invention 
there is provided a method of controlling roll stability of 
an automotive vehicle having a rear steering system 
comprising the steps of detemnlning a roll angle estimate 
In response to a rollover sensor and controlling a rear 
steering actuator and a brake controller to form a pre- 
detemnined tyre force vector in response to .the relative 
roll angle estimate. 

[001 7] The vehicle may have a right rear actuator and 
a left rear actuator and the step of generating may com- 
prise generating a tyre moment by changing a relative 
direction between said right rear actuator and said left 
rear actuator. 

[0018] The step of determining a roll angle estimate 
may comprise the steps of determining a yaw rate for 
the vehicle, determining a roll rate for the vehicle, deter- 
mining a lateral acceleration for the vehicle and deter- 
mining vehicle speed. 

[001 9] The step of controlling may comprise the steps 
of detennining a roll moment distribution from a brake 
system arid from a steering system of the vehicle. 
[0020] According to a third aspect, of the invention 
there is provided a motor vehicle including a stability 
control system in accordance with said first aspect of 
the invention. 

[0021] The vehicle may further comprise an antilock 
brake system generating an antilock brake signal and a 
traction control system generating a traction control sig- 
nal, the system having a rollover controller including 
brake pressure priority logic generating a brake actuator 
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signal in response to the rollover signal, the antllock 
brake signal, and the traction control signal and the con- 
troller is operable to generate a rear wheel actuator sig- 
nal in response to said rollover signal wherein the rear 
wheel actuator signal is used to control the rear steering s 
actuator and the brake actuator signal is used to control 
the brake actuator to prevent the vehicle from rolling 
over. 

[0022] The vehicle may further comprise a yaw stabil- 
ity controller coupled to said rollover controller wherein io 
the yaw stability controller is coupled to said brake pres- 
sure priority logic, and generates a yaw stability brake 
control signal and the brake pressure priority logic gen- 
erates a brake actuator signal in response to the rollover 
signal, the antilock brake signal, the traction control sig- is 
nal and said YSC brake control signal. 
[0023] The vehicle may further comprise rear wheel 
steering priority logic wherein the yaw stability controller 
is coupled to the rear wheel steering priority logic and is 
operable to generate a yaw stability rear steering signal, 20 
the rear wheel steering priority logic generating the rear 
wheel actuator signal in response to the rollover signal 
and the yaw stability rear steering signal. 
[0024] One advantage of the invention is that such 
systems may be easily implemented i nto a steer-by-wi re 
system. 

[0025] The invention will now be described by way of 
example with reference to the accompanying drawing 
of which:- 

30 

Figure 1 is a diagrammatic rear view of a vehicle 
with force vectors not having a roll stability system 
according to the present invention; 

Figure 2 is a diagrammatic rear view of a vehicle 55 
with force vectors having a roll stability system ac- 
cording to the present invention; 

Figure 3 is a block diagram of a roll stability system 
according to the present Invention; 40 

Figure 4 is a block diagranni for the closed loop rear 
steering control system according to the present in- 
vention; 

Figure ^ is a block diagram for the closed loop brake 
pressure control system without brake pressure 
sensor according to the present invention; 

Figure 6 is a block diagram forthe closed loop brake so 
pressure control system with brake pressure sensor 
according to the present invention; 

Figure 7 is a flow chart of a roll moment distribution 
detennination according to the present invention; ss 

Figure 8 Is a flow chart of brake pressure and rear 
wheel steering amount determination according to 



the present invention; and 

Figure 9 is a plot shows the relationship between 
the rear steering generated rolling moment and the 
rear steering angle according to the present Inven- 
tion. . ..... 

[0026] With reference to Figure 1 , an automotive ve- 
hicle 1 0 without a rollover stability system of the present 
invention is illustrated with the various forces and mo- 
ments thereon during a rollover condition. Vehicle 10 
has right and left tyries 12 and 13 respectively. The ve^ 
hide may also have a number of different types of steer- 
ing configurations including having each of the front and 
rear wheels configured with an independently controlla- 
ble actuator, the front and rear wheels having a conven- 
tional type system In which both of the front wheels are 
controlled together and both of the rear wheels are con- 
trolled together, a system having conventional front 
steeringand independently controllable rear steering for 
each of the wheels or vice versa. A variation of a control 
system for each will be described below. 
[0027] Generally, the vehicle has a weight represent- 
ed as M*g at the center of gravity of the vehicle. A gravity 
moment 14 acts about the center of gravity (CG) in a 
counter-clockwise direction. A tyre moment 16 acts in a 
clockwise direction about the center of gravity. Thus, the 
net moment 18 acting upon the vehicle is in a clockwise 
direction and thus increases the roll angle 20 of the ve- 
hicle. The lateral force 22 at the tyre 1 2 on the ground 
(tyre vector) is a significant force to the left of the dia- 
gram capable of overtuming the vehicle if unconnected. 
[0028] Refen^ingnowto Figure 2, a roll stability control 
system 24 is included within vehicle 1 0, which is in a roll 
condition. The forceis Illustrated in Figure 2 are given the 
same reference numerals as the forces and moments 
In Figure 1 . In Figure 2, however, roll stability control 
system 24 reduces the tyre moment 1 6 to provide a net 
moment 18 in a counter-clockwise direction. Thus, the 
tyre vector or lateral force 22 at tyre. 12 is reduced as 
well: This tendency allows the vehicle to tend toward the 
horizontal and thus reduce angle 20. 
[0029] Refen-ing now to Figure 3, roll stability control 
system 24 has a controller 26 used for receiving infor- 
mation from a number of sensors which may include, a 
yaw rate sensor 28, a speed sensor 30, a lateral accel- 
eration sensor 32, a roll rate sensor 34, a steering angle 
sensor 35, a longitudinal acceleration sensor 36, a pitch 
rate sensor 38 and a rear steering position sensor 40. 
[0030] As illustrated, sensors 28-40 are coupled to 
brake and steering system 42. The sensors 28-40 are 
a part of these systems and therefor are illustrated cou- 
pled to box 42. As will be described below certain of 
these sensors may also be used by or incorporated into 
other vehicle systems Including an antilock brake sys- 
tem having an ABS controller 44, a traction control sys- 
tem having a traction control system (TCS) controller 46 
and a yaw stability control system (YSC) haying a yaw 
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stability controller 48. 

[0031] Based upon inputs from the sensors, controller 
26 controls a tyre force vectpr by rear steering and brake, 
control as will be further described below. Rollover sen- 
sor is used to describe one or nnore of the sensors 28-40 5 
used to detennine the likelihood of a rollover condition 
or roll angle for the vehicle. Depending on the desired 
sensitivity of the system and various other factors, not 
all the sensors 28-40 may be used in a commercial em- 
bodiment. Various types of sensors may be used to pro- io 
vide the desired signals. 

[0032] Lateral acceleration, roll orientation and speed 
may be obtained using a global positioning system 
(GPS), 

[0033] There are many possible ways to measure, es- ?5 
timate or infer the roll and pitch condition of the vehicle. 
The roll rate sensor 34 and pitch rate sensor 38 may be 
replaced with a number of other vehicle measurements 
or combinations of measurements. 

[0034] Roll rate sensor 34 and pitch rate sensor 38 20 
may detennine the roll condition of the vehicle based, 
in part, on sensing the height of one or more points on 
the vehicle relative to the road surface. Sensors that 
may be used to achieve this include a radar-based prox- 
imity sensor, a laser-baised proximity sensor and a so- 2s 
nar-based proximity sensor. 

[0035] Roll rate sensor 34 and pitch rate sensor 38 
may also sense the roll condition based on sensing the 
linear or rotational relative displacement or displace- 
ment velocity of one or more of the suspension chassis 
components which may include a linear height or travel 
sensor or a rotary height or travel senson 
[0036] Roll rate sensor 34 and pitch rate sensor 38 
may also sense the roll condition based on the preced- 
ing position measurehients or other Inertial measure- ^ 
ments combined with wheel speed sensors used to look 
for abnonnal changes in one or more wheel velocities 
that may indicate a zero normal load on the tyres. 
[0037] Roll rate sensor 34 and pitch rate sensor 38 
may also sense the roll condition based on one of the 40 
preceding position measurements or other inertial 
measurements combined with a driver heading com- 
mand input from an electronic component that may in- 
clude steer by wire using a hand wheel or joy stick. 
[0038] The potential of a roll condition is associated 
with a zero norma! load or a wheel lift condition on one 
or more of the wheels. A zero normal load, and thus a 
roll condition may be detemiined by sensing the force 
or torque associated with the loading condition . of one 
or more suspension or chassis components including a so 
pressure transducer in a suspension actuator. Similarly, 
a load cell or a strain gauge may be mounted to measure 
the force in a suspension component. The zero normal 
load condition may be used alone or in combination with 
other displacement or inertial measurements to accu- ss 
rately monitor the vehicle roll condition. 
[0039] The power steering system actuation can be 
monitored to infer the normal load on the. steered 



wheels. The steering load can be monitored by meas- 
uring one or more of the absolute or relative motor load, 
the steering system pressure of the hydraulic lines, tire 
lateral force sensor or sensors, a longitudinal tire force 
sensor(s), vertical tyre force sensor(s) or tire sidewall 
torsion sensor(s). The steering system measurements 
used depend on the steering system technology and the 
sensors available on the vehicle. 
[0040] The roll condition of the vehicle may also be 
established by one or more of the following translational 
or rotational positions, velocities or accelerations of the 
vehicle including a roll gyro, the roll rate sensor 34, the 
yaw rate sensor 28. the lateral acceleration sensor 32, 
a vertical acceleration sensor, a vehicle lonjgitudinal ac- 
celeration sensor, lateral or vertical speed sensor in- 
cluding a wheel-based speed sensor, a radar-based 
speed or proximity sensor, a sonar-based speed or 
proximity sensor, a laser-based speed or proximity sen- 
sor or an optical-based speed or proximity sensor. 
[0041] Speed sensor 30 may be one of a variety of 
speed sensors known to those skilled in the art. For ex- 
ample, a suitable speed sensor may include a sensor at 
every wheel that is averaged by controller 26. Prefera- 
bly, the controller translates the wheel speeds into the 
speed of the vehicle. Yaw rate, steering angle, wheel 
speed and possibly a slip angle estimate at each wheel 
may be translated back to the speed of the vehicle at 
the center of gravity (V_CG). Various other algorithms 
are known to those skilled in the art. Speed may also be 
obtained from a transmission sensor. For example. If 
speed Is detennined while speeding up or braking 
around a corner, the lowest or highest wheel speed may 
not be used because of its error. Also, a transmission 
sensor may be used to detenmine vehicle speed. 
[0042] The added components of the present system 
work together with those nomnally found in automotive 
vehicles. For example, a front wheel steering (FWS) and 
rear wheel steering (RWS) control coordinator may be 
coupled to rollover controller 50. Steering control coor- 
dinator 50 may control the position of a front right wheel 
actuator, a front left wheel actuator, a rear left wheel ac- 
tuator, and a right rear wheel actuator Although as de- 
scribed above, two or more of the actuators may be si- 
multaneously controlled. 

[0043] For example, In a rack-and-plnlon system, the 
two wheels coupled thereto are simultaneously control- 
led. 

[0044] A steering control coordinator 50 is used to 
guarantee proper steering of the vehicle from usual to 
critical conditions. Coordinator 50 gives the driver ad- 
vanced steering feeling. Proper coordination between 
the front and rear steering reduces the turning radius of 
a vehicle, especially in low vehicle speed. Let be the . 
measured front steering angle, Dd^^ip* be the desired 
rear steering angle to achieve coordination, then the fol- 
lowing coordination scheme can be implemented: 
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A6nip=-K(v) •S, 

where K(v) is a gain factor which is a function of 
the vehicle velocity v. 

[0045] This desired rear steering angle, together with 
other portion of the desired rear steering angles, be- 
comes the foundation for the total target rear steering 
angle 5p 

[0046] 6f is sent to the rear steering control unit which 
generated the feedback control command to drive the 
rear steering actuator. The coordination control unit 50 
may control the position of a rear left wheel actuator, 
and a right rear wheel actuator. 
[0047] Although as described above, two of the actu- 
ators may be simultaneously controlled. For example, 
in a rack-and-pinion system, the two wheels coupled 
thereto are simultaneously controlled. The closed loop 
rear steering control system is depicted in Fig, 4, which 
includes the total desired rear steering angle generating 
unit 59, the rear steering feedback control law 62, the 
rear steering actuator 101 and the rear steering angle 
sensor 40. Where 1 01 and 40 are part of the vehicle 42. 
[0048] The total desired rear steering angle d^*^ calcu- 
lated by feeding into the unit 59 the desired rear steering 
angle ASpgc* achieving roll stability control, ASygc* 
for achieving yaw stability control and A6rip* for achiev- 
ing coordination between front steering and rear steer- 
ing. This total 5r*t together with the measured rear steer- 
ing angle 5r is then ted back to the rear steering feed- 
back control law. unit 60. This feedback control unit cal- 
culates the control command to drive the RWS actuator. 
[0049] If we define the error between the desired 
and the actual 5r as e^, that is to say e^ = 6|. -6,*, then 
the rear steering control command can be calculated as 
In a Pip controller: 



K^^e^ it) + K^, je^ {x)dr + K^^e] (/) 
0 * . 

where Kgp, Ksi, and Ksd are the control gains. 
[0050] Controller 26 has a rollover control law block 
52, which represents the determination of a roll condi- 
tion or likelihood of rollover. This may be done by calcu> 
laling a roll angle of the vehicle. Based on the inputs 
from certain of the sensors 28 through 40 referred to as 
a rollover sensor, the controller 26 determines the pres- 
ence or likelihood of a roll condition. 
[0051] When the presence or a likelihood of rollover 
is determined in block 52, the rolling moment distribution 
is determined In block 64. The operation of block 52 will 
be further described below. To summarize, block 52 
compares the moment to prevent rollover with the mo- 
ments being provided at the brake system and the rear 
steering wheel system and determining a brake . pres- 
sure signal and a rear wheel steering signal in response 



to the distribution. 

[0052] Controller 26 also Includes brake pressure pri- 
ority logic 56 and rear wheel steering priority logic 58. 
Brake pressure priority logic 56 receives a brake pres- 
5 sure signal from rolling moment distribution calculator 
54. Rear wheel steering priority logic 58 receives a rear 
wheel steering signal from rolling moment distribution 
calculator 54. 

[0053] Brake pressure priority logic 56 is also coupled 
10 to anti-lock brake controller 44, traction control system 
controller 46, and YSC controller 48. Each of the sys- 
tems including rollover control systems may operate the 
brakes of the vehicle. Brake pressure priority logic 56 
detennines an amount of braking for the individual 
IS wheels in accordance with a hierarchical ranking sys- 
tem. The ranking system Is preferably experimentally 
detemnlned and based on the overall dynamics of the 
vehicle. Therefore, from one vehicle type to the next, 
this priority scheme may be changed. 
20 [0054] Brake pressure priority logic 56 may also act 
to maximize the amount of desired control from various 
systems. 

[0055] The rear wheel steering priority logic 58 is cou- 
pled to front wheel steering and rear wheel steering co- 

25 ordinator 50 and YSC controller 48. Both of these sys- 
tems control the operation of the steering system of the 
vehicle and more specifically the rear steering system 
of the vehicle. The rear wheel system or steering priority 
logic 58 is controlled and in a hierarchical fashion in a 

30 similarmannerto.that of brake pressure priority logb 56. 
That is, the rear wheel steering priority logic 58 may be 
experimentally determined to provide the desired 
amount of control for the various systems coupled there- 
to including rollover control system 24. 

35 [0056] Brake pressure priority logic 56 and rear wheel 
steering priority logic 58 are coupled to brake and steer- 
. ing system 42 through a respective brake pressure con- 
troller 60 and a rear wheel steering controller 62. The 
brake pressure controller 60 and rear wheel system con- 

^0 troller 62 generate a respective rear wheel actuator sig- 
nal and brake actuator signal which are used to trigger 
the desired amount of braking and rear wheel steering 
control. The brake actuator control signal may provide 
a signal for the brakes of each of the four corners of the 

45 vehicle. 

[0057] Fig. 5 shows the closed loop brake control sys- 
tem, which includes the total desired brake pressure 
generating mechanism (unit 58), the brake pressure 
feedback control law 60, the brake actuator 201 and the 
so wheel speed sensor 205. Where 201 and 205 are part 
of the vehicle 42. 

[0058] The desired pressure amount Appgc for rollo- 
ver stability control, the desired pressure amount Apysc 
for yaw stability control, the desired pressure amount 
55 Aprcs for traction control and the desired pressure 
amount Ap^^^s ^ anti-lock braking are fed into the brake 
pressure priority block 58, and a final desired brake 
pressure p* is calculated. This desired brake pressure 
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is then further fed into a brake pressure feedback con- 
troller, together with the measured wheel speed sensor 
signals, to generate feedback control signals for the 
brake actuators. 

[0059] If the brake pressure sensors are available, the 
brake closed loop system shown in Fig. 5 can be mod- 
ified to the system shown in Fig. 6. 
[0060] This system includes unit 5B, unit 60, the brake 
actuator201 , the wheel speed sensor 205 and the brake 
pressure sensor 210. 201 , 205 and 210 are part of the 
vehicle 42. The feedback control law 60 command the 
hardware to achieving pressure command following. 
[0061] If we define the pressure en^or as ep= p - p*, a 
PID control scheme can be applied to 60: 



[0063] A mathematical formula for may also be de- 
temnined. For example can be expressed as: 



10 



15 



20 



where Kqp, Kqi, and KgQtare the control gains. 
[0062] Referring now to Figure 7, the following terms 
are used in the following flow chart: 

Mpi Rolling moment desired for controlling rollover 25 

^Rws' "T^® maximum roll moment generated 
through rear wheel steering at current driving con- 
dition 

30 

Mbrk ' ^® maximum roll moment ' generated 
through break control at current driving condition 

C^: The gain factor, which relates the brake pres- 
sure and the rolling moment generated from this 
brake pressure 

changes during driving. 

may depend on: 

thie axle normal force N 

the surface friction coefficient ^surface 

the front and rear steering angle 5| and 6^ 

the total brake piston area Apigt^^ 

the friction coefficient between the disk and the 
brake lining Hdisc-iining 

the rolling radius r . 

the average distance from the brake pad to the ss 
wheel rotation center r^ 



35 



40 



45 



50 



C, = 



V(N^isurface)^-(CpPo)' 



Where Cp is the coefficient used to relate the lateral tire 
forces to the brake pressure. whk:h is a function of the 
above listed variables, po is the nominal brake pressure 
or the pressure at the time the rollover brake control is 
requested, which can be estimated from a brake system 
model or measured through a pressure sensor. 
[0064] C2: The Gain Factor Which Relates the Steer- 
ing Angle and Rolling Moment Generated From This 
Steering Angle, 

[0065] C2 Changes during driving. C2 may depend on 

yaw rate 
vehicle velocity 
vehicle side slip angle 
e.g. height 
surface coefficient : 

[0066] Since the active rear steeririg actuation usually 
achieves small angles within ±5 degree range, a math- 
ematical formula for could be easily obtained. As 
shown in Fig. 9, rolling moment generated from the rear 
steering is dominated by the linear relationship; That is, 
the rolling moment generated from rear wheel steering 
is proportional to the steering angle. It could be written 
as the following: 



the height of center of gravity of the vehicle h^ 



eg 



^2 = ''c5^s'^^^su/toceS^ 

where is a constant depending on the steering 

system. Fig. 9 shows the relationship between the 

rolling moment generated from rear steering and 

the measured rear steering angle 6,. 

PmaX' the maximum brake pressure can be 

achieved by the involved brake. 

^MAX ' maximum amount of rear steering angle 

can be achieved by the rear steering hardware. 

[0067] The flow chart Illustrated in Figure 7 corre- 
sponds to rolling moment distribution calculator 54 of 
Figure 3. The moment to prevent rollover /W^ is the mo- 
ment desired for controlling rollover. In block 64, if the 
desired rolling moment is less than the maximum roll 
moment generated through rear wheel steering (/Cf^iyg). 
Step 66 is executed in which the brake flag (BRK_FLAG) 
is set to zero, the rear wheel steering flag {RWS_FLAG) 
is set to 1 , and the max flag {MAX_FLAG) is set to zero. 
After step 66, block 68 is executed and will be further 
described below. To summarize, block 68 detemnines 
the brake pressure and rear wheel steering angle for the 
vehicle, roll in block 74, this is sufficient. If, however, in 
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block 74, if the total moments being provided at the rear 
wheel steering system and the brake system are not 
great enough, then block 78 is executed in which the 
brake flag is set to one. the rear wheel steering flag Is 
set to one, and the max fiag is set to one. The max flag 
is used to trigger the priority system into maximizing the 
brake force and rear wheel steering angle to prevent roll- 
over of the vehicle. Based on these'priorities set by the 
flags mentioned in block 66, 72, 76, and 78, the brake 
pressure and rear wheel steering of the system Is cal- 
culated. 

[0068] Referring now to Figure 8, the block 68 illus- 
trated In Figure 4 is described in further detail. If the max 
flag Is not set to zero in step 80, step 82 Is executed in 
which the maximum pressure and maximum steering 
wheel angle is provided at the output and used to control 
the brake pressure control and the rear wheel steering 
angle of the vehicle. Refening back to block 80, if the 
max f jag is set to zero, then block 84 is executed in which 
the conditions of both the brake flag and rear wheel 
steering flag are detemiined. If the brake flag and the 
rear wheel steering flag are both not set to zero, then 
step 86 is executed In which the amount or proportion 
of roll moment provided by the brake pressure and rear 
steering angle are detemnined. The brake pressure Is 
detemriined by the formula: 



to prevent 

[0072] The brake rear steering angle Is detenmlned by 
the fonmula: 



[0069] Referring back to block 64, If the total moment 
Mr is not less than the moment provided by the rear 
wheel steering system, then block 70 is executed. In 
block 70, if the moment to prevent roll Mp^ is less than 
the moment provided by the brake system Mg^^. Block 
72 is executed in which the brake flag is set to 1 . The 
rear wheel steering flag is set to zero, and the max flag 
is set to zero. After block 72, block 68 is executed in 
which the brake pressure at rear wheel steering angles 
are computed. 

[0070] Referring back to block 70, If the roll moment 
Mf^ is not less than the roll moment provided by the 
brake system in Mgf^^^ than block 74 Is executed. In 
block 74, the sum of the moment provided by the rear 
wheel steering system and the moment provided by the 
braking system is added together and the sum Is corn- 
pared to the total moment to prevent roll. If the total mo- 
ment to prevent roll is less than the sum of the moment 
provided by the rear wheel steering system and the 
brake system, then block 76 is executed in which the 
brake flagjs set to 1, the rear wheel steering flag is set 
to 1 , and the max flag is set to zero. 
[0071] Thus, in block 64, 70, and 74, if the respective 
moment provided by the rear wheel steering system Is 
great enough to prevent roll in block 64 or the moment 
provided by the braking system is large enough to pre- 
vent roll, or the combination of the two is large enough 
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[0073] Refen^ing back to step 84, if the brake flag and 
rear wheel steering flag are both zero, then step 88 is 
executed in which the amount of braking pressure is pro- 
vided by the fonnula: 

^PRSC=^^*MR*BR^<^FLAG 

[0074] The amount of rear wheel steering angle cor- 
rection is determined by the fomiula: 



[0075] In block 90, the brake pressures and the rear 
steering angles are provided to a distribution block 90 
and are thus provided to the particular brake system or 
steering system to effectuate the desired amount of con- 
trol. During operation, these systems will continuously 
update to change the desired amount of control based 
on the various systems. 

[0076] In operation, various types of steering control 
may be performed depending on the vehble character- 
Istk^s and the steering system. For example, as de- 
scribed above a rack system may be controlled to pro- 
vide a desired change in the rear steering angle tempo- 
rarily to prevent rollover while leaving the front wheels 
unchanged. Of course, the direction of the front wheels 
could also be change when the rear direction is 
changed. 

[0077] In a system having independently actuable 
rear wheels, the relative steering angle between the rear, 
wheels may be changed In response to detected roll 
without changing the position or controlling the positlori 
of the front wheels. This may be done by Independent 
control of the rear wheels or simultaneous control of the 
rear wheels. This may also be done in combination w|th 
a desirable amount of brake control. 
[0078] As described above the longitudinal accelera- 
tion sensor and a pitch rate sensor may be incorporated 
into the above tyre force vector determination. These 
sensors may be used as a verification, as well as, an 
integral part of the calculations. For example, the pitch 
rate or the longitudinal acceleration or both can be used 
to construct a vehicle pitch angle estimate. This esti- 
mate along with its derivative can be used to improve 
the calculation of the vehicle roll angle. 
[0079] While partcular embodiments of the invention 
have been shown and described, numerous variations 
and alternate embodiments will occur to those skilled in 
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the art. Accordingly, it is intended that the invention be 
limited only in terms of the appended claims. 



Claims 

1 . A roll stability control system (24) for an automotive 
vehicle having a front steering system and a rear 
steering system characterised in that the system 
(24) comprises a rear wheel steering actuator (1 01), 
a rear wheel position sensor (40) generating a rear 
wheel position signal, a brake actuator (60), a roll- 
over sensor (28,30,32,34,35,36,38) for producing a 
rollover signal in response to an impending rollover 
of the vehicle and a controller (26) coupled to said 
rear wheel position sensor (40), said rollover sensor 
(28,30,32,34,35.36,38), said rear wheel steering 
actuator (101), and said brake actuator (60), said 
controller (26) generating a rear wheel actuator sig- 
nal and brake actuator signal in response to said 
rollover signal, said rear wheel actuator signal con- 
trolling said rear wheel steering actuator (101) and 
the brake actuator (60) to prevent the vehicle from 
rolling over. 

2. A roll stability control system as claimed in claim 1 
wherein said controller changes a tyre force vector 
by changing a direction and rear steering force of 
said rear actuator in combination with a change in 
brake force, 

3. A roll stability control system as claimed in claim 1 
or in claim 2 wherein said controller changes a tyre 
force vector by changing a relative direction be- 
tween a right rear actuator and a left rear actuator. 

4. A method of controlling roll stability of an automotive 
vehicle having a rear steering system character- 
ised in that the method comprises the steps of de- 
termining a roll angle estimate in response to a roll- 
over sensor and controlling a rear steering actuator 
and a brake controller to form a predetennined tyre 
force vector in response to the relative roll angle es- 
timate. 



includes a stability control system as claimed in any 
of claims 1 to 3. 

8. A vehicle as claimed in claim 7 In which the vehicle 
further comprises an antilock brake system gener- 
ating an antilock brake signal and a traction control 
systerh generating a traction control signal, the sys- 
tem having a rollover controller Including brake 
pressure priority logic generating a brake actuator 
signal in response to the rollover signal, the antilock 
brake signal, and the traction control signal and the 
controller is operable to generate a rear wheel ac- 
tuator signal in response to said rollover signal 
wherein the rear wheel actuator signal is used to 
control the rear steering actuator and the brake ac- 
tuator signal is used to control the brake actuator to. 
prevent the vehicle from rolling over. 

9. A vehicle as claimed in claim 8 further comprising 
a yaw stability controller coupled to said rollover 
controller wherein the yaw stability controller is cou- 
pled to said brake pressure priority logic, and gen- 
erates a yaw stability brake control signal and the 
brake pressure priority logic generates a brake ac- 
tuator signal in response to the rollover signal, the 
antilock brake signal, the traction control signal and 
said YSC brake control signal. 

10. A vehicle as claimed in claim 9 further comprising 
rear wheel steering priority, logk: wherein the yaw 
stability controller is coupled to the rear wheel steer- 
ing priority logic and is operable to generate a yaw 
stability rear steering signal, the rear wheel steering 
priority logic generating the rear wheel actuator sig- 
nal in responise to the rollover signal and the yaw 
stability rear steering signal. 
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5- A method as claimed in claim 4 wherein the step of 
determining a roll angle estimate comprises the 
steps of detemiining a yaw rate for the vehicle, de- 
termining a roll rate for the vehicle, determining a 
lateral acceleration for the vehicle and determining so 
vehicle speed. 

6. A method as claimed in claim 4 or in claim 5 wherein 
the step of controlling comprises the steps of deter- 
mining a roll rnoment distribution from a brake sys- 55 
tem and from a steering system of the vehicle. 

7. A motor vehicle characterised in that the vehicle 
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(54) Rollover stability control for an automotive vehicle 



(57) A stability control system 24 for an automotive 
vehicle is disclosed that includes a rollover sensor that 
may include one or more sensor to a various dynamic 
conditions of the vehicle and a controller to control a 
steering force to reduce a tyre moment so the net mo- 
ment of the vehicle is counter to the roll direction. 

The sensors may include a speed sensor 30, a lat- 
eral acceleration sensor 32, a roll rate sensor 34, a yaw 
rate sensor 20 and a longitudinal acceleration sensor 



36. The controller 26 is coupled to the speed sensor 30. 
the lateral acceleration sensor 32, the roll rate sensor 
34, front steering angle sensor 35, pitch rate 38, rear 
steering position sensor 40, and a longitudinal acceler- 
ation sensor 36. The controller 26 detenmines a roll an- 
gle estimate in response at least one or more of the sig- 
nals. The controller 26 changes a tyre force vector using 
by changing the direction and/or force of the rear steer^ 
ing actuator and brakes in response to the likelihood of 
rollover. 
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